This study 1 assesses the welfare effects of Ghana's adoption of the common external tariff of the Economic Community of West African States (ECOWAS), with special attention to gender differences. Using data from the 2005 Social Accounting Matrix for Ghana, the World Trade Organization Secretariat, and the 2012-2013 round of the Ghana Living Standard Survey, it combines a computable general equilibrium (CGE) model and a microsimulation model integrated through a top-down approach. The study focuses on one of the channels through which trade integration can affect poverty and welfare, namely the price channel. The CET tariffs are expected to result in changes in domestic prices, which will in turn have an impact on household welfare, depending on whether the households are consumers or producers of the commodities affected by the tariff reform. The results of the study indicate a positive welfare effect of the CET on poor households, and particularly female-headed households, as consumers. However, implementation of the CET is expected to reduce the welfare of both poor and rich households as producers, with poor and male-headed households being the most affected. The net welfare effect will be around zero for the poor male-headed households and negative for the rich. It will be positive for female-headed households at the low and middle income category, but also negative for the rich. While results also depend on the geographic location of the household, among others, the reform is thus expected to have pro-poor and pro-female effects. In order to address the welfare gaps identified, the study recommends that the government could introduce compensatory policies such as income transfers that would target male-headed households that are producers, and streamline the Livelihood Empowerment Against Poverty Programme it is currently implementing to help poor male-headed households. It could also aim to improve infrastructure in the regions which will experience a net welfare loss in order to make them more competitive.
Introduction
Over the past two to three decades, a number of developing countries have opted for regional economic integration as an instrument to harmonize trade policies and increase their weight in global trade. Economic integration, particularly in Africa, has also been seen as a way to diversify the structure of African economies, boost intra-African trade and investment, build supply capacity, and sustainably reduce poverty (Osakwe, 2015) . These integration efforts have resulted in the creation of regional blocs such as the Economic Community of West African States (ECOWAS), West African Economic and Monetary Union (WAEMU), Common Market for East and Southern Africa (COMESA), Economic Community of Central African States (ECCAS), Central African Economic and Monetary Community (CEMAC), Southern African Customs Union (SACU), and Arab Maghreb Union (AMU). The trade-related objectives of these blocs include the establishment of custom unions, 2 with a common external tariff (CET) as a major trade policy instrument.
Regional trade integration through the creation of a customs union with a CET has been found to have both direct and indirect implications for household poverty and welfare in general. Trade integration affects poverty and welfare through three main channels: (a) changes in employment structures and wages; (b) changes in prices and their impact on consumption and production patterns; and (c) changes in financing for social expenditure by governments (Winters et al., 2004; Harrison and Tang, 2005) . Trade reforms can also affect poverty indirectly via economic growth. It has been argued that increased trade openness resulting from trade reforms can improve access to technology and hence foster productivity growth, leading to faster economic growth and reduced poverty (UNCTAD, 2010) . Conversely, increased trade restrictions would impede productivity growth and slow economic growth, leading to increased poverty.
Among the various channels of effects, this study analyses the price channel. The focus on this channel is due to the fact that most often trade policies such as a CET affect import tariffs and thus domestic prices of commodities, which in turn affect the consumption and production decisions of households (Marchand, 2012; Nicita, 2009) . We can therefore consider the price channel as the mechanism that affects households more directly in the short term.
Between 2007 and 2015, Ghana alternated between its own tariff system and the CET of the regional economic bloc of which it was a member at a given time. From 2007 to 2011, the country implemented its own tariffs, but in 2012 it adopted the WAEMU CET, before switching back to its own tariff system in 2013 and finally adopting the ECOWAS CET starting in 2015. This followed negotiations by ECOWAS members in Dakar, Senegal, on the CET for the region, which concluded in October 2013 (Roquefeuil et al., 2014) . 3 Extant literature suggests that Ghana's implementation of the ECOWAS CET will result in significant changes in the country's existing tariff structure for both agricultural and nonagricultural products. Some of the tariff rates will be lower and some will be higher as a result of the CET. For instance, the implementation of the CET will reduce the number of commodities admitted under zero per cent tariff rates from 725 to 85. On the other hand, the range of commodities admitted under the 5 per cent band will be broadened from 375 to 2,146 under the CET. The changes in tariffs related to implementation of the CET will affect prices and, consequently, the welfare of households, depending on their position as either net producers or consumers of these products.
As explained above, the different channels through which regional trade integration influences household poverty and welfare have been found to result in both opportunities for gains and risks of losses for households (Martinez and Poole, 2004) . Literature suggests that these gains and losses are distributed differently among different segments of the population, including men and women (UNCTAD, 2012) . According to UNCTAD (2011), given the differences in roles played by men and women in a society and an economy, trade policies such as those enshrined in the ECOWAS CET have different implications for male-and female-headed households. This assertion has been widely supported by findings of several trade-gender specific studies. For instance, Bird (2004) emphasizes that changes associated with trade integration may be positive or negative for women and men depending on their individual characteristics, including education and skills, marital status, family size, social group characteristics such as whether the household is a net producer or a net consumer, urban/rural location, and economic and social status. In the Ghanaian context, the extent to which this assertion holds remains an important policy question, especially in the wake of the country's recent adoption and implementation of the ECOWAS CET.
The aim of this study is to empirically assess the effects that implementation of the CET will have on household poverty, income, and consumption through the price channel, with a special focus on gender. Specifically, the objectives are to (a) examine the effects of Ghana's adoption of the ECOWAS CET on household consumption and poverty; and (b) assess the poverty and welfare distribution by gender. A review of the extant literature reveals that even though some ex-ante studies of this nature on Ghana have looked at the poverty and income effects of trade liberalization (Bhasin and Annim, 2005; Bhasin and Obeng, 2007; Bhasin, 2012) , no study has focused on the impact of the different ECOWAS CET bands on household welfare and the gender dimensions of this impact. The aim of this study is to fill these gaps and contribute to the existing literature on the links between international trade policy and household welfare.
To assess the implications of the CET, the study applies a top-down approach by combining a macro computable general equilibrium (CGE) (top) model and a micro (bottom) household model, with the latter using data at the household level (Bourguignon and Savard, 2008) . Section 2 provides an overview of the evolution of Ghana's tariffs and poverty over the years. Section 3 briefly reviews the empirical literature on the trade-gender link. Section 4 explains the goods, service and capital, and to the right of residence an establishment." (see http://www.courtecowas.org/site2012/pdf_files/revised_treaty.pdf#page=4&zoom=auto,-82,12).
The member countries of ECOWAS are Benin, Burkina Faso, Cape Verde, Côte d'Ivoire, the Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali, Niger, Nigeria, Sierra Leone, Senegal, and Togo. methodology and data used in the study, and Section 5 describes the simulations and presents the results. The final section provides conclusions.
It is hoped that the findings of this study may serve as input to Ghana's Ministry of Trade and Industry in formulating gender-aware policies to ensure that all population segments and household categories share appropriately in the gains and losses associated with the country's adoption of the CET. More broadly, it is hoped that the study may help the ministry in formulating policies to enhance gender equality and promote human development. The gender analysis on the impact of the CET may be useful to the government of Ghana in designing compensatory policies to target segments of the population that may come out as losers due to implementation of the CET.
Overview of Ghana's trade reforms and poverty trends
Ghana's trade policy evolved from a fairly liberal one in the 1950s to a significantly controlled regime in the 1970s, after which the country embarked on major trade and economic reforms in the 1980s accompanied by trade liberalization. This policy has been largely influenced by developments in international trade under the General Agreement on Trade and Tariffs (GATT) and the World Trade Organization (WTO). It has also been shaped by trade agreements between Ghana and its major trading partners, the country's economic development policy, and the structural adjustment programmes of the World Bank and the International Monetary Fund, particularly in the 1980s and 1990s (Ackah and Aryeetey, 2012) . Significant trade liberalization in Ghana began with the downward adjustment of tariff rates in 1983 from 35 per cent, 60 per cent, and 100 per cent to 10 per cent, 20 per cent, 25 per cent, and 30 per cent. The tariffs were further simplified and lowered to 0 per cent, 25 per cent, and 30 per cent the following year to create a uniform pattern of protection, although some import controls remained in place. Further reductions were made in 1986, when the higher rates were lowered to 20-25 per cent (Ackah and Aryeetey, 2012) .
Major trade policy reforms took place between 2007 and 2015, when the most-favoured-nation (MFN) tariff applied by the country was frequently modified. In 2012, the country adopted the WAEMU CET, which was based on four tariff bands comprised of a zero duty on social goods such as medicine and publications, 5 per cent duty on imported raw materials, 10 per cent duty on intermediate goods, and 20 per cent duty on finished goods (Office of the United States Trade Representative, 2014). In 2013, Ghana switched from the WAEMU CET back to its own national tariffs. In this context, it abolished the non-ad-valorem tariffs applied to petroleum products, and replaced them with ad valorem rates in January 2014 (Office of the United States Trade Representative, 2014). This was accompanied by a reduction of duties on some products and an increase in the duties on others. 4 Table 1 , the average unweighted applied MFN tariff in 2013 was 12.8 per cent, which represents a slight increase from the 12.7 per cent rate in 2007. The MFN rates on agricultural products were generally higher, at an average of 17.3 per cent, with the highest rates applicable to dairy products and tobacco. Tariffs on non-agricultural products remained lower, averaging 12 per cent. Based on the International Standard Industrial Classification (ISIC) 5 definition of sectors, agriculture was the most tariff-protected sector, with an average tariff of 15.1 per cent, followed by manufacturing (12.7 per cent), while imports of mining and quarrying products had the lowest tariffs (11.2 per cent).
As shown in
Subsequently, as a member of ECOWAS, Ghana endorsed the ECOWAS CET, which was adopted by ECOWAS Ministers of Finance on 20 March 2014, and came into effect on 1 January 2015. The ECOWAS CET is based on the four tariff bands of the WAEMU CET and an additional fifth band that involves a 35 per cent duty on goods in sectors such as poultry and rice that the government sought to protect.
The revision of Ghana's trade policy triggered by implementation of the ECOWAS CET in 2015 will result in considerable changes in Ghana's tariff structure for agricultural and nonagricultural products. Overall, there will be a slight reduction in the country's average unweighted applied MFN tariff from 12.8 to 12.3 per cent. Mining and quarrying will be the sector that will experience the greatest reduction in tariff rates, which could have both positive and negative implications for the country. On the positive side, the reduction may attract more investors into the sector and this might increase government revenue through the payment of taxes that could in turn be used for development purposes. On the other hand, increased mining activity triggered by the tariff reduction may have negative effects on the environment if proper regulations are not adopted and enforced. Agriculture will be the sector to record the second largest reduction in tariffs. Wheat and maize, for instance, could become cheaper for consumers. This could have a positive effect on consumers, who may benefit from lower food prices, but a negative effect on domestic producers, who may not be able to withstand the competition from imports of cheaper foreign food items. Regarding cotton, the lowering of duties to the CET rate of 5 per cent for the least-processed forms of cotton and to 10 per cent for the most commonly traded forms of cotton could help lower costs of fabric and textile production in Ghana, given its dependence on imported inputs (WTO, 2014: 7).
On the other hand, tariffs in seven categories will increase, in some cases by a large margin. Tariffs on petroleum will nearly double. Similarly, tariffs on non-electrical machinery and transport equipment will nearly double. This may adversely affect the country's efforts to upgrade its economic structure through imports of equipment and machinery and also send a negative signal to foreign investors who may have interest in establishing industries in Ghana. The three food products whose average tariffs will increase by between 25 and 57 per cent are sugar and confectionary, meat products, and fish and fishery products (World Trade Organization, 2014) . The increase in tariffs on these commodities may translate into increases in their prices, either directly or indirectly through higher costs of production. This could in turn reduce the welfare of households if they happen to be net consumers of these commodities. The implications of changes in import tariffs for poverty and household welfare are important policy issues. Poverty indicators based on reports of the last four rounds of the Ghana Living Standard Survey (GLSS) show that from 1991 to 2013, poverty in the country declined considerably, 7 although there were some variations across regions and across segments of the population. The distribution of the decline in poverty since 1998/1999 demonstrates it was concentrated mostly in the Central, Western, Eastern, Upper East, and Northern regions of Ghana. Households of farmers in general, the non-farm self-employed, and public sector employees enjoyed the greatest gains in their standard of living, while private sector employees and households with unemployed heads experienced the smallest gains. From a gender perspective, Figure 1 shows that, consistent with the general reduction in the poverty level, female-headed households appear to be better off than male-headed households and are increasingly less impoverished (Ghana Statistical Service, 2007) .
Another important observation is that between the 1991/1992 and 1998/1999 periods, the magnitude of the reduction in poverty for male-headed households was 14 per cent compared to 12 per cent for female-headed households. In contrast, between the 1998/1999 and 2005/2006 periods, the percentage of poverty reduction was greater for female-headed households (9.9 per cent) than male-headed households (7.9 per cent), and between 2005/2006 and 2012/2013, the magnitude was greater for male-headed households (9 per cent) than female-headed households (7.7 per cent). Even though there have been significant declines in poverty levels for both maleheaded and female-headed households over the past two decadespoverty at the national level has decreased by 52.5 per centthis reduction has favoured female-headed households more than male-headed ones (54.3 per cent and 52 per cent reductions, respectively). The poverty level remained consistently lower among female-headed households than male-headed households, which is contrary to the "feminization of poverty" hypothesis. This can be partly due to the fact that over these years, Ghana's economic growth was largely driven by the services and agricultural sectors, where the shares of women's employment are higher than the shares of men's employment.
Figure 1: Poverty distribution in Ghana between 1991 and 2013 (per cent)
Source: Prepared by the author based on Ghana Statistical Service reports. Note: The poverty rates used in carrying out this analysis were obtained from the reports of the Ghana Statistical Service for the corresponding years available at http://www.statsghana.gov.gh/nada/index.php/catalog.
It can be deduced from the above analysis that during the period when Ghana's tariff was frequently reformed, the incidence of poverty was reduced significantly. However, the extent of the association between the incidence of poverty and the tariff revisions requires more rigorous analysis. Even though there has been a marked reduction in poverty trends, attributing this development to the tariff reduction alone would be misleading, since other non-trade-related factors contributed to the reduction in the poverty level.
Gender implications of trade reforms for poverty
The recent proliferation of research on the complex relationship between trade integration, poverty, and welfare, along with the analysis of variations in the impact of trade reforms, can be traced to the mainstream trade theories and the Heckscher-Ohlin model. In a nutshell, these theories hold that production specialization according to each nation's comparative advantage typically leads to more efficient allocation of resources in the world economy and consequently to higher levels of output and growth in all countries. This growth in turn fosters national development and reduces poverty. The diversity of empirical findings on the effect of trade liberalization on poverty proves how difficult it is to establish a relationship between the two (Le, 2014) . The evidence about the distribution of the impact from trade liberalization is also mixed, with some segments of society (e.g. women versus men) coming out as winners and others losing. Adopting the methodological approach of Porto (2006) to assess the welfare impact of trade liberalization, Nicita (2009), Marchand (2012) , and Casabianca (2015) observe that trade liberalization benefits households along the entire income distribution.
With regard to gender, women are essential in terms of food security in many sub-Saharan African countries. They are typically small farmers or food crop producers who are less able to take advantage of trade reforms than their male counterparts, who are mostly large and mediumsized producers. Since women are typically small farmers, they often lack access to credit, new technologies, and the marketing skills required to take advantage of new and expanding markets. Çagatay (2001) emphasizes that where trade liberalization has provided women with more job opportunities, it has done so at the expenses of job quality, as their "competitive advantage" as workers has been in their relatively lower wages and acceptance of inferior working conditions. Much of these employment effects have been realized in state-promoted export processing zones, which are exempt from local labour laws, and in the informal sector, where work is characterized by long hours, insecure employment, unhealthy working conditions, and low wages. A study by UNCTAD (2011) reveals that although there are only marginal differences between the poverty impact of trade liberalization on female-and male-headed households, the impact tends to be larger for female-headed households. Country-specific case studies suggest that trade liberalization in predominantly agricultural economies may disadvantage female-headed households compared to male-headed households, even when traditional export crop production expands (Cockburn et al., 2008; Chandra et al., 2010) .
Some studies applied the CGE model approach. For example, Annabi et al. (2005) use it to draw conclusions on the distributional impact of trade liberalization on welfare and poverty in Senegal. The authors assert that in the short run, poverty and inequality would decrease, but in the long run income distribution would worsen. According to Thurlow (2006) , trade-induced growth benefited male and female workers in South Africa. However, male-headed households stood a better chance of benefiting more from rising factor incomes. The author indicated that trade reforms contributed to an observed decline in the gender wage gap due to rising employment among higher-skilled female workers. In Ghana, no specific study has focused on the impact of trade reforms from the gender perspective. Bhasin and Obeng (2007) , Bhasin (2012) , and Quartey et al. (2013) conducted closely related studies that involved the use of CGE models to examine the impact of trade liberalization on poverty and income distribution of various categories of households. Though the authors concluded that elimination of import and export duties reduces the incidence, depth, and severity of poverty of all categories of households, the gender element was missing. The focus of the studies was on the spatial and regional distribution of poverty in the country.
This brief review of the existing literature points to the fact that trade liberalization and integration have diverse poverty and welfare effects depending on the type of household and its characteristics, the skills and gender composition of household members, and the geographical location of the household.
Methodology
This study applies a top-down approach by combining a macro CGE (top) model and a micro (bottom) household model (Bourguignon and Savard, 2008) . Both models are integrated in a sequential fashion by taking parameters from the CGE model and feeding them into the micro model, either through behavioral microsimulations or non-parametric microsimulations, without any further interaction between the macro and micro levels. The top model is similar to standard CGE models where households are aggregated into a small number of representative households. Therefore, the analysis at this stage can only be done at an aggregated level. The bottom model considers all the households in the Ghana Living Standard Survey and models their behaviour. In the top model, the macroeconomic shock is introduced to generate new equilibrium prices of commodities and factors. These new prices are introduced in the bottom model, where individual household income, consumption, factor supply, and other behavioural variables are obtained. In the case of this study, we used the CGE model to simulate the effect of tariff changes between 2013 and 2015 on commodity prices.
The rationale for combining these two models is to exploit the advantages of CGE and microsimulation modelling. The approach offsets the respective drawbacks of each type of model, which are primarily the lack of general equilibrium effects in microsimulation models and the limitations arising from the representative household assumptions in CGE models. Even though the CGE model can be applied to represent a given economy and assume optimizing behaviour by economic agents such as households or consumers and firms, the microsimulation model allows a detailed analysis of who gains and who loses from a policy reform while neglecting general equilibrium effects. Therefore, the top-down approach combines the advantages of both models and enhances the analysis at the household level. Another major advantage of the top-down approach is that the analysis and modelling of household and labour market behaviours can be done separately from the economy-wide analysis. Thus there is no need to reconcile household survey data with national accounts and other macroeconomic data.
The communication between the two types of models is in the form of information about prices, wages, and employment, and there is no need to reconcile data on levels (Vos and Sánchez, 2010) . Another advantage of this top-down model is that macrosimulations typically provide information only about (simulated) changes in welfare distribution among aggregate household groups, hence missing many possible within-group changes. The microsimulation helps to make up for the missing detail.
The CGE model used for the macrosimulation (top model) is based on the dynamic (recursive) computable general equilibrium (DCGE) model developed by Breisinger et al. (2008) . The model is an extended version of a static standard CGE model developed in the early 2000s by Löfgren et al. (2002) at the International Food Policy Research Institute (IFPRI) (Diao, 2011) . The Ghana DCGE was first developed for analysing the country's economic transformation and agricultural development in order to support the Comprehensive Africa Agricultural Development Program roundtable in Ghana. It is an economy-wide, multisectoral model that simultaneously and endogenously solves for a series of economic variables, including commodity prices (Breisinger et al., 2008 ).
The DCGE model, with its general equilibrium features, captures economic activities on both the demand and supply sides. On the supply side, the model defines a specific production function for each economic activity. That economic activity is either agricultural production, for which the functions are defined at the sub-national level, or non-agricultural production, which is defined at the national level. The demand side of the model is represented by a series of consumer demand functions. In the model, the system of consumer demand functions is solved by maximizing a Stone-Geary utility function in which the income elasticity does not need to be equal to one, making it quite different from the Cobb-Douglas utility function. As a result, the marginal budget share for each consumer good departs from the average budget share of this good in the consumer's total budget (Diao, 2011) . The model represents a small open economy that has no influence on international markets, and it is calibrated using Ghana's Social Accounting Matrix (SAM) for 2005. It covers 143 activity sectors, 60 commodities, 12 factors of production, and nine categories of households. The model is presented in four blocks: production and prices; institutional incomes and domestic demand equations; equilibrium conditions and macroeconomic closure; and factor accumulation and allocation equations (Bhasin and Obeng, 2007) . The constituents of the factors are six categories of labour, two categories of capital and four categories of land. The households are made up of five urban households and four rural households, while the macroeconomic balances are made up of the government balance, external balance (the current account of the balance of payments, which includes the trade balance), and savings-investment balance. Effort was made to update the model to 2013, but the needed data were not available. As a result, the model was used to simulate the changes in prices from 2007 to 2013 (before the ECOWAS CET), and from 2013 to 2015, after implementation of the ECOWAS CET.
Once the changes in tariffs introduced in the CGE model and the simulated prices of goods and services were obtained, these prices were used in the microsimulation model to get the resulting changes in welfare at the household level. This approach used the two frameworks sequentially: first, the policy reform was simulated with the CGE model, then the simulated percentage changes in prices were passed down to the microsimulation model, taking into consideration the gender of the household head, as shown in Figure 2 . In linking the parameters from the CGE to the microsimulation model to assess the consumption and poverty effects, we matched the commodities in the SAM with the same commodities in the household survey data, and then applied the first-order approach as described in Deaton (1989) . This approach consists of calculating the share of household consumption expenditure and income (where the household is also a producer in the case of farmers) related to the commodities for each household. These shares were multiplied by the changes in prices obtained from the CGE model, and added to obtain the total change in welfare.
Figure 2: The top-down computable general equilibrium approach
Source: Adapted from Bourguignon and Savard (2008) . .
Following Deaton (1997) , the function for the net welfare effect of the changes in prices for each commodity can be specified as:
,
where and are, respectively, the income and budget shares of commodity and is the compensating variation associated with a change in the price of good . The compensation variation is the revenue that the social planner (government) would have to provide to the household to compensate for the effects of the price change. It is imperative to stress that the household can be both a consumer and a producer of the commodity. Assuming that the price increases and that the household is a net producer , the household will benefit from this price change. On the other hand, if the household is a net consumer , then a price increase will make the household worse off. We also acknowledge that although the first-order effect methodology does not capture labour income from increased competition and the subsequent increase in wages, it can be used to explore the distributional effects of the changes in price across the entire income distribution, or over specific regions or groups within the population, such as urban versus rural households, poor versus non-poor households, and maleversus female-headed households. In this study, the household level distributional analysis was conducted using non-parametric regressions of the welfare effect on income (in log).
Data and description of household statistics
The CGE model used in this study was built using the 2005 SAM for Ghana, which was constructed by IFPRI based on the fifth round of the Ghana Living Standard Survey. 8 The model is a comprehensive dataset that encapsulates all the information contained in the national income and product accounts and the input-output table, as well as the monetary flows between institutions in the country. The SAM estimates the structure of the Ghanaian economy in 2005 and includes detailed information on 56 production sectors, six factors of production, income and expenditures of rural and urban households, the government budget, and the balance of payments (Breisinger et al., 2007) . The data on tariffs (presented in Table 1 ), obtained from WTO (2014), were based on calculations of the WTO Secretariat using data provided by Ghanaian authorities. Table 2 shows the import structure based on the SAM. In building the microsimulation model, the study relied on the 2012/2013 round of the Ghana Living Standard Survey (GLSS6). The survey was designed to provide nationally and regionally representative indicators covering a broad range of topics such as education, health, employment, housing conditions, migration, tourism, poverty, household agriculture, access to financial services, and asset ownership. In order to address the needs of Savannah Accelerated Development Authority (SADA) areas and also to provide nationally representative quarterly labour force statistics, the numbers of primary sampling units and households were increased from 580 and 8,700 to 1,200 and 18,000, respectively. This represents an increase of about 107 per cent compared to the GLSS5 (Ghana Statistical Service, 2014). Table 3 describes the characteristics of the household heads in the survey data. It shows that in the household survey data used for the micro-level analysis, there were 16,772 household heads. The proportion of male-headed households (69.5 per cent) was higher than that of females (30.5 per cent). The distribution of the households by place of residence (rural and urban) indicates that most of the female household heads live in urban areas. The distribution of expenditure per capita from a gender perspective ( Figure 3) depicts an inversed U-shape, implying that expenditure increases, gets to the optimum, and declines. Figure  3 shows that male-headed households are poorer than female-headed ones because the density curve for the former shifts to the left. An inference that can be drawn from this result is that even though male-headed households may have higher income per capita than their female counterparts, female household heads spend a greater proportion of their income on commodities consumed within the household, making them appear to be richer than male household heads. This could also explain why findings of the various rounds of the GLSS have consistently showed that female household heads are better off than male household heads in terms of poverty incidence.
Figure 3: Distribution of total expenditure by gender of household head
Source: Prepared by the author based on the 2012/2013 round of the Ghana Living Standard Survey (GLSS6). Figure 4 compares the income and expenditure mean of households in rural and urban areas. The results show that the average income and expenditure levels of urban households are higher than those of rural households. It also shows higher expenditure per capita for male-headed households in urban areas, meaning that male household heads in urban areas spend more than female household heads and male household heads in rural areas. However, these figures are likely to be influenced by a few extremely high values, since they are averages. With regard to per capita expenditure on food, female heads in both rural and urban areas spend a greater proportion of their income on household upkeep than male heads. The picture becomes clearer with the analysis of non-food expenditure, where male heads spend more on non-food items than female heads. The implication is that female-headed households stand to gain from the reduction in the tariff on imported food items more than male-headed households. On the other hand, the reduction in the tariff on non-food items will favour male-headed households more than femaleheaded households. Nonetheless, the net effect of the tariff reform on both food and non-food items depends on the net position of households as either producers or consumers.
Figure 4: Mean income and expenditure by gender of household head and place of residence
Source: Prepared by the author based on the 2012/2013 round of the Ghana Living Standard Survey (GLSS6).
Simulations and results
Following the methodology described in Section 4, we used the CGE model to simulate the changes in prices of commodities after the implementation of the ECOWAS CET. Then we introduced the resulting changes in commodity prices in the microsimulation model to simulate the changes in welfare. This section considers the gender dimension in the analysis by disaggregating the dataset based on the gender (male and female) of the household heads. In order to identify household heads by their place and region of residence, we further disaggregated the data into female-headed and male-headed households in rural and urban areas as well as across the 10 regions of the country. This allowed for the analyses of potential winners and losers from the reform based on gender and from the perspective of place and region of residence.
Computable general equilibrium results
This sub-section presents the simulated results on prices from the CGE model. In simulating the changes in prices, we introduced the changes in tariffs (Table 1) as the trade shocks. The simulated prices (Table 4) involved 60 food and non-food commodities and services. The simulated results for the 2007/2013 and 2013/2015 periods show that most of the commodities whose prices decreased were non-food items. These include pulp and paper, fertilizers, chemicals, clothing, textiles, and metals. Among the 33 food items, only the price of rice decreased. This reduction may have a positive impact on households as consumers, since rice is the second most widely consumed cereal by Ghanaian households, after maize. Available statistics suggest that in 2014, Ghanaians consumed 754,698 metric tons of rice and imported 52 per cent of that. This reduction will therefore benefit consumers and may further increase demand for rice. On the flip side, the price reduction of rice can have adverse consequences on local rice production, since domestic producers may not be able to withstand foreign competition. Table 4 shows that for those commodities that are imported and that reported import tariffs in the SAM (Table 2) , changes in prices are positive or negative depending on the change in the tariff: an increase in tariffs results in higher prices and a decrease in tariffs results in lower prices, which is what we expected. For all other commodities, the changes in their prices come from an indirect effect, given the general equilibrium nature of the CGE model. Source: Prepared by the author using the computable general equilibrium model for Ghana. Note: The variables labelled Log sim show the simulated prices of the commodities. For instance, Log Sim1 is the simulated price of the commodities in 2013. These values were used as the base values for the simulation of the prices in 2015 (Log Sim2), which represents the period in which Ghana switched from its own tariff to the ECOWAS CET. The third column (change in price) is the difference between the first two columns, the log of prices in 2013 (before the ECOWAS CET) and 2015 (after the ECOWAS CET).
Non-parametric regression results
This sub-section presents the analysis of the effects of changes in commodity prices on household welfare. The analysis is carried out for female-and male-headed households separately and also considers regional (urban and rural) and geographical disparities. Nonparametric regressions are estimated. This type of regression is useful because it does not require specific assumptions on the distribution of the data or any econometric specification of the functional form of the relationship between the variables of interest (Deaton, 1989; Calvo, 2014) . In this analysis, the dependent variable is the change in welfare due to changes in prices. The explanatory variable is the log of per capita expenditure. The objective of the analysis is to assess the welfare effect of the CET on households. We divide the analysis into three steps: the welfare effect on households as consumers (through their expenditure), on households as producers (through their income), and the net welfare effect.
First, we calculate the welfare effects of implementation of the CET on households as consumers by multiplying the budget share of each consumed item by its change in price 9 simulated by the 9 This corresponds to the expression in Equation 1. The negative sign indicates that an increase in price results in a decrease in welfare for households as consumers. CGE model (Table 4 ). Figure 5 shows the results of the non-parametric regression. The downward sloping curve suggests a positive welfare effect for the poor and a negative welfare effect for the rich, indicating a pro-poor effect of implementation of the CET for households as consumers. Figure 5 also shows that implementation of the CET favours poor female-headed households more than poor male-headed households. The expected improvement in the welfare of poor households as consumers may be due to the reduction in the price of the commodities that are consumed most within these households. 10 Moreover, female-headed households stand to be better off than male-headed households because of the heterogeneity of consumption within the household. The results suggest that the budget share of items whose price decreases is higher for female-headed households than for male-headed households.
Figure 5: Change in welfare of households as consumers
Source: Prepared by the author based on the 2012/2013 round of the Ghana Living Standard Survey (GLSS6). Note: The consumption shares of the commodities, used as an indicator for welfare changes due to changes in expenditure, were obtained by dividing each household's expenditure by total household expenditure and multiplying the result by the change in price obtained from the macrosimulation (computable general equilibrium). Figure 6 presents the change in welfare of households as consumers based on their region of residence. The curves for both rural and urban areas follow the same downward sloping shape as for the whole population, with the regression curve for female-headed households lying above the one for male-headed households, indicating a pro-poor and pro-female effect of implementation of the CET. The only exception is for very poor urban households, where female-headed households benefit less than their male counterparts. In both urban and rural areas, the welfare gap between male-headed and female-headed households is larger at the extremes of the expenditure distributions and much narrower in the middle, which can be due to a more homogeneous consumption structure across middle-income households. We now move to the analysis of the welfare effects of the CET on households as producers. As indicated in the methodology, some households are not only consumers, but also producers who earn income from producing some of the commodities analysed in this study. Figure 7 presents the result on the relationship between the change in welfare of households as producers 11 ( in Equation 1) and the level of expenditure. The figure shows a positive relationship between the two variables and an overall negative change in welfare at the national level. This means that implementation of the CET will reduce the welfare of both poor and rich households, but poor households are the most disadvantaged. Male-headed households will be the most affected, while the effect on female-headed households is almost zero at all income levels. This could possibly be due to the fact that most producers are poor male-headed households, such as rural farmers, for example, for whom the prices of their products have decreased (e.g. rice or cocoa).
Figure 7: Change in welfare of households as producers
Source: Prepared by the author based on the 2012/2013 round of the Ghana Living Standard Survey (GLSS6). Note: The share of commodity income used as the measure of welfare due to changes in income was obtained by dividing the share of income obtained by households from the sale of commodities by total income of the household. The results were further multiplied by the change in price of the commodities from the macrosimulation. Adding the regional dimension to the analysis, Figure 8 shows that households in rural areas see higher reductions in welfare than those in urban areas: the average reduction in welfare is 0.028 per cent in rural areas and 0.014 per cent in urban areas. In both rural and urban areas, maleheaded households are more affected than female-headed households. These differences in welfare loss between rural and urban households as well as male-headed and female-headed households can be partly explained by the nature of the economic activities in which these households are engaged. Rural households in Ghana rely heavily on agriculture as their source of income, while urban households are largely involved in non-farm enterprises. Agriculture is the main occupation for about 51.5 per cent of households in Ghana. About 83 per cent of these households are in rural areas, and they are largely male-headed. About 3.2 million households, representing 46 per cent of all households, operate non-farm enterprises, with 52 per cent of them in urban areas. Almost half (49.5 per cent) of all businesses involve trading, while the rest involve some kind of manufacturing activity. Women operate 72 per cent of these businesses (Ghana Statistical Service, 2014) . We now assess the net welfare effect of the CET on households by adding the welfare effect on households as producers and as consumers as shown in Equation 1. Figure 9 depicts the relationship between the welfare effect and household per capita expenditure. The curve resembles the welfare effect on households as consumers ( Figure 5 ), which could be expected because the welfare effect on households as producers ( Figure 7) was much smaller than the one on households as consumers. The figure shows that in the case of male-headed households, the net welfare effect will be around zero for the poor and negative for the rich. In the case of female-headed households, the net welfare effect will instead be positive for those at the lower and middle ends of the income categories, but negative for the rich. In a nutshell, the main finding of this study is that implementation of the CET will lead to a decrease in prices of most items consumed by poor households, especially female-headed households, resulting in an improvement in the welfare of these households. At the same time, it will reduce the welfare of households that are net producers. This conclusion stands in contrast to the findings of a similar study conducted in Nigeria that found that implementation of the CET produced net welfare gains due to a reduction in prices of most agricultural products (Kareem, 2014) . Although the results show a pro-poor and pro-female welfare effect, the obtained variations in welfare are small (less than 0.1 per cent). This can be due to the fact that some prices increase and some others decrease after implementation of the CET, resulting in a small net effect.
In order to better understand these dynamics, we further disaggregate the data to look into commodities for which prices increase and those for which prices decrease. We first analyse the relationship between the net welfare effect and the log of per capita expenditure for commodities for which prices are expected to increase. The results, presented in Figure 10 , show a downward sloping curve, meaning that the increase in prices of the commodities decreases the net welfare of all households. In addition, male-headed households are affected more than female-headed households. This can be due to differences in the consumption patterns of households, also reflecting the income status and the gender of the head of the household. As expected, the obtained values are much higher than in the previous analysis (net welfare changes above 0.27 per cent in absolute value).
Figure 10: Net welfare effect: Commodities for which prices increase
Source: Prepared by the author based on the 2012/2013 round of the Ghana Living Standard Survey (GLSS6). Note: Among the commodities for which prices will either increase or decrease, only those with consistent observations in both datasets were used for the analysis.
When we look at the commodities for which prices decrease, Figure 11 presents a similar downward sloping welfare function. This indicates that the price decrease is likely to improve the purchasing power of households and eventually improve their welfare. The expected net welfare gain is higher for poor households and for female-headed households. Changes in welfare are also higher than those obtained previously. Considering the net welfare effect from the regional perspective, Figure 12 indicates that for urban areas the regression curve is almost identical to the one that considers only expenditures ( Figure 5 ). 12 This confirms the pro-poor, pro-female effect of implementation of the CET, except for the very poor, among which female-headed households benefit less than their male counterparts. In rural areas, the net welfare effect is negative for all male-headed households and lower for the richest ones. When considering only the effect on households as consumers ( Figure  5 , there was a positive welfare effect on the poorest households, but the negative welfare effect on households as producers ( Figure 7) eliminates that small gain. In the case of rural femaleheaded households, on the other hand, the net welfare effect is positive for the poor and negative for the rich, as in Figure 5 This same analysis was also performed for different geographic locations in Ghana to explore the regional dynamics of the welfare effects of the CET. The analysis is structured based on the country's 10 regions: Western, Central, Greater Accra, Volta, Eastern, Ashanti, Brong Ahafo, Northern, Upper East, and Upper West. The results ( Figure A1 in the annex) reveal the same structure as that for the national level in some locations (Greater Accra, Volta, Ashanti, and Upper West). In these cases, therefore, implementation of the CET is expected to have pro-poor and pro-female effects. However, the results are different for other regions. For example, in the Western region, where oil exploitation has been under way for a little over four years, the effect is pro-female but not pro-poor, since the net welfare function first decreases, then increases, and then decreases again as per capita expenditure increases (a sort of a U-shaped curve). In the Central region, the effect of the CET is pro-poor, but not pro-female. In the Brong Ahafo region, where agriculture is the predominant occupation, the results indicate a net welfare loss for all categories of households, regardless of the income status or the gender of the household head. These variations in the net welfare effect across the 10 regions could be explained by the heterogeneity in the production and consumption structures of households.
To conclude, this analysis has shown that implementation of the CET is likely to affect households in different ways, depending on their positions as either net producers or net consumers. Other determinants are the gender of the household head, geographical location, and changes in the prices of the commodities. Overall, female-headed households stand to be better off than male-headed households. Likewise, poor households will gain, while rich households will lose marginally. The gain will favour households in coastal regions and urban areas more than those in non-coastal regions and rural areas. Moreover, the increase in commodity prices is expected to reduce welfare, while the opposite holds for the commodities for which prices are expected to decrease.
Conclusions
In 2015, ECOWAS members including Ghana agreed to implement a common external tariff in order to harmonize the tariff structure and foster regional trade and economic growth. The objective of this study has been to assess the impact of the new tariff system on prices and the resulting effect on household welfare, with particular attention to gender differences.
The descriptive analysis shows that female-headed households are relatively less poor than maleheaded households, and that the former spend more on food items than the latter. The macrosimulation analysis (done through a CGE model) shows that implementation of the CET is likely to lead to mixed effects on commodity prices, given that some tariffs were scheduled to increase and others to decrease following implementation. When we introduce the changes in prices from the CGE into the microsimulation for the welfare analysis, the results reveal that implementation of the CET will have a positive consumption welfare effect on poor households, but a negative effect on rich households. Moreover, the CET will reduce the welfare of both poor and rich households as producers, with poor households being the most affected.
From a gender perspective, female-headed households will be relatively better off as consumers than their male counterparts. As producers, male-headed households will be the most affected by the reduction in welfare, while the effect on female-headed household will be almost zero. When we consider only commodities for which prices increase, there will be a reduction in household welfare. However, for commodities whose prices decrease, there will be an improvement in the welfare of households, meaning that the dominant effect is the one on households as consumers. The net welfare analysis shows that implementation of the CET will lead to a net loss for all income categories of male-headed households and rich female-headed households. However, there will be a positive effect on female-headed households in lower-and middle-income categories. Households in urban areas stand to gain relatively more than their rural counterparts. .
In order to close the welfare gaps identified, the government may consider designing compensatory policies such as income transfers that will target poor male-headed households that are producers. The analysis by geographic location identifies Brong Ahafo as the region where all categories of households lose the most, probably due to the fact that the region depends mainly on agriculture (and households are mainly net producers). In this context, the government could also streamline the Livelihood Empowerment Against Poverty Programme, which is currently being implemented to help poor male-headed households. For instance, the government could improve infrastructure in the regions where there will be a net welfare loss in order to make them more competitive.
This study used the top-down approach. Given its general equilibrium nature, this approach has the advantage of better capturing the direct and indirect effects of tariff on prices than other methodologies such as pass-throughs. However, we deem it important to add some caveats. First, the feedback effects from household behaviour are not taken into account in the CGE model, as in the case of a top-down bottom-up methodology (Bourgignon and Savard, 2008) . Second, the CGE model used data from Ghana's 2005 Social Accounting Matrix to simulate the prices for 2013. We then ran a second simulation with the changes in tariffs after CET implementation (2013) (2014) (2015) . Having an updated SAM for 2013 may produce more accurate results. A step beyond this study would be to include production factor effects in the analysis, given that the CGE model also simulates changes in wages and capital. However, this would require additional effort to match the survey with the SAM, an analysis that was not within the scope of the present work. 
Annex

